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Conclusions
The electric fields responsible for induced EMFS are of the same nature as those produced by static electric charges, and begin and end on charges as usual, despite some statements which imply the contrary (see Cross 1976). The main difference is that the allowed charge and field distributions can give non-zero line integrals of E, which is not possible with the distributions occurring in static cases. A treatment based on energy flow, especially via the Poynting vector, in which electric and magnetic fields are intimately connected, has the merit that electric fields are seen to accompany magnetic fields quite naturally, in particular changing magnetic fields in a primarily inductive circuit, and emphasises that the simple and widely-held notion that induced EMFS are in some way generated directly by changing magnetic fields is perhaps best abandoned. In the case of the open-circuited line discussed above it is clear that the rather weak magnetic field is related to the current in the system, and the electric field is a capacitative effect. One would not normally say that the magnetic field is actually produced at some locality by the changing electric field. Similarly, in inductive circuits like the short-circuited strip line, one may regard the electric field and associated induced EMFS as due to the rather weak capacitance effects remaining on short-circuiting the line, rather than being due directly to the changing magnetic field. Of course the simple idea of induced EMFS clearly forms a useful basis for practical calculations, especially in cases where the more elaborate scheme outlined above could only be applied with some difficulty. Finally it should perhaps be mentioned that the concept of fields of force is a strictly classical one, and in quantum theory it is necessary to replace fields with appropriate scalar and vector potentials, a procedure which is merely a matter of convenience if adopted in classical theory. The potentials may be finite in regions where the fields themselves are non-existent, and quantum mechanical effects may correspondingly be observed in these regions, as in the Aharonov-Bohm experiment (Chambers 1960).
Abstract Theoretical investigations into the stability of electrified liquid drops take as their starting point a result due to Rayleigh. It was felt that this result is important enough to warrant a more complete derivation than that originally given by Rayleigh in the reference which is usually quoted. A literature search revealed a second paper of Rayleigh's which is never quoted, but which contains important steps, not given elsewhere, towards his original calculation. Even when both papers are taken together, however, the calculation still seems incomplete. For this reason the entire calculation is presented using a modern formalism which in particular recognises the effects of electrostriction. To complement this the complete calculation as originally conceived by Rayleigh is presented in an appendix.
R h m e Les vibrations d'une goutte d'un liquide conducteur portant une charge Clectrique ont t t t ttudites par Lord Rayleigh, puis, B sa suite, par divers auteurs, en utilisant un dkveloppement au second ordre par rapport i l'amplitude de vibration des difftrentes contributions i I'tnergie. On montre que les m&mes resultats sont retrouvts en evaluant au premier ordre seulement les difftrents efforts mtcaniques agissant sur la surface de la goutte.
Initial investigations into the behaviour of electrified liquid drops were conducted by Lord Rayleigh towards the end of the 19th century. In 1879 he showed (Rayleigh 1879) that the angular frequency W of an oscillating but unelectrified spherical mass of liquid of density p and radius a is given by W ' = n ( n -I)(n + 2 ) u p a 3 ,
where T is the surface tension. In this analysis Rayleigh obtained expressions for the potential and kinetic energies of the liquid drop which he substituted into Lagrange's equations of motion to obtain (1). His calculations are given completely in appendix I1 of Rayleigh (1879). They are also reproduced in v01 I1 of his book Theory of Sound.
In 1882 Rayleigh obtained an expression for the electric potential at the surface of a slightly deformed conducting sphere with axial symmetry (Rayleigh 1882). Since his expression contains 'second-order terms', his method goes beyond the linear analyses usually presented in textbooks (MacRoberts 1967 , Jeans 1951 , Maxwell 1955 , Basset 1961 , Ferraro 1954 , Ramsey 1964 , Jeffries and Jeffries 1962 . Unfortunately, however, he did not give any real indication of how he obtained his result.
It was not until 1916 (Rayleigh 1916) that he returned to the problem and his comments at the beginning of this paper confirm that the electrical calculations are not as simple as the 1882 paper would seem to imply, for he says, 'Recently in endeavouring to extend them, I had a little difficulty in retracing the steps'.
The important point is that subsequent investigators on the stability of electrified liquid drops (for example, Zeleny 1915, Taylor 1964, Doyle et al 196d) take Rayleigh's final result in his 1882 paper as the starting point of their work, and in so doing they refer to his 1882 paper alone, whereas in my opinion the 1916 paper should also be quoted.
Even with the results of these papers at hand some further steps are still required to obtain Rayleigh's final expression, which translated into MKS units reads
Pa3
Q being the total charge on the electrified drop and E the permittivity of the surrounding air. For completeness, these final steps are given in the Appendix.
In considering Rayleigh's work I felt it would be reassuring if his result in equation (2) above could be obtained using the linear expressions for the electrical potential of a slightly deformed axially symmetric sphere, usually given in textbooks, in conjunction with the normal component of the standard electrohydrodynamic surface condition, which in the absence of gravity is
at the surface, where T is the pressure including that due to the effect of electrostriction which accounts for the reorientation of dipoles in the liquid, M is the normal component of the Maxwell stress and ri is the unit normal to the surface, V * ri being the sum of the reciprocal radii of curvature of the surface. Finally at the surface etc, where the superscripts denote region 1 or region 2.
It is worth mentioning that when the expression $E2p(&/dp), for electrostriction (Melcher 1962 ) is absorbed into the pressure term and the boundary conditions are made consistent with the equations of motion, then electrostriction has no effect on the incompressible dynamics.
The Maxwell stress at the surface of the drop may be viewed as a consequence of the electrical repulsion of like charges at the surface and this effect will be increased by local normally directed deformations of the surface. This has a destabilising effect on the figure of a liquid drop which is opposed by the cohesive influence of surface tension.
According to the linear theory the equations of the axially symmetric slightly deformed spherical surface are given by m r = a + 1 a ,~, ( p ) ; Ir.=cose, (4) where here a is the mean radius, a, are functions of time and Pn(cos 6 ) are Legendre polynomials.
The unit normal to the surface described by 
Thus the sum of the reciprocal radii of curvature is Evaluating this at the surface equation (4) and retaining linear terms alone gives hence the contribution to equation (3) over and above that of hydrostatic equilibrium is
The total pressure, n-, linearised about r = a, is given by
where 4, the velocity potential, is a harmonic function and so can be expanded in the form -a d 2 % For this we first require an approximation to the 16a2ea5 electric potential V which is a harmonic function and so outside the conductor The electrical potential energy is iQV, so that the contribution from this source, over and above the equilibrium theory is Q2 m (n-l) 8 m a , = , 2 n + l Thus the total potential energy of the drop, reckoned from equilibrium is 
